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LDMOS TRANSISTOR 
Field of the Invention 

[0001] The present application relates to an LDMOS transistor structure. 

Background of the Invention 

[0002] LDMOS transistor structures are widely used as semiconductor devices 

for many types of transistor applications such as high voltage MOS field effect 
transistors. An LDMOS transistor comprises a lightly doped drain region to enhance 
the breakdown voltage. LDMOS transistors are, however, limited in their high 
frequency performance due to the feedback capacitance Ca g between the gate and the 
drain. Fig. 1 shows one type of an LDMOS transistor as known in the art. A wafer 
comprises for example a p+ substrate 1 with an epitaxial layer 12 which includes n- 
type areas 2 and 3 implanted on the surface to provide a drain and source region, 
respectively. The backside of the substrate 1 comprises a wafer backside metal layer 9 
which can be made of gold or aluminum and is used for grounding and source contact 
purposes. The epitaxial layer 12 is usually covered with an insulator layer 8 such as 
silicon oxide in which a polysilicon or silicide gate 4 is arranged to cover the channel 
between the drain 2 and source 3. On top of this layer is usually a passivation layer 
11. Depending on the technology, the source 3 in this exemplary LDMOS transistor 
may be surrounded by a p-well 5. Electrodes 6 and 7 made of gold or aluminum or 
any other suitable metal reach through the insulating layer 8 to provide ground and 
drain potential for the LDMOS device. 

[0003] To generally reduce a feedback capacitance, it is known to extend the 

source runner 6 to cover the gate 4 as shown in Fig. 1. Such a so called field plate 
over the gate 4 effectively decouples the gate drain capacitance C g d between the gate 
and the drain but not the gate source capacitance C gs between the gate and the source 
runners. In addition, a higher source drain capacitance is created. Furthermore, 
grounding of the source is needed. To this end, a p + source implant 10 is provided in a 
conventional LDMOS transistor. Such a so-called p + sinker 10 can be created by ion 
implantation. Effectively, this p+ sinker merges with the p well area 5 and, thus, 
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reaches from the source contact 6 to the backside metal layer 9. As the backside metal 
layer is grounded, the p + sinker 10 provides for a connection between the source 
electrode 6 and ground . This type of connection generates a considerable amount of 
source resistance which further limits the device's high frequency performance. 

Summary of the Invention 

[0004] According to the present application, a new transistor structure is 

introduced. 

[0005] A semiconductor device may comprise a semiconductor substrate, an 

insulating layer on top of the substrate, a lateral field effect transistor comprising a drain 
region and a source region arranged in the substrate and a gate arranged above the 
substrate within the insulating layer, a drain runner arranged on top of the insulator layer 
above the drain region, a source runner arranged on top of the insulator layer above the 
source region, a gate runner arranged on top of the insulator layer outside an area defined 
by the drain runner and the source runner, a first coupling structure comprising a via for 
coupling the drain runner with the drain region, and a second coupling structure 
comprising a via for coupling the source runner with the source region. 

[0006] The first and second coupling structure further may comprise barrier 

metal layers arranged at the bottom of the via. The first and second coupling structure 
may further comprise barrier metal layers arranged at the top of the via. The bottom 
barrier metal layer may have a cross-sectional profile of a saucer around the via. The 
bottom barrier metal layer may comprise side walls that enclose the via. The bottom 
barrier metal layer may comprise side walls that are spaced apart from the via. The 
bottom barrier metal layer may consist of Titanium-Titanium nitride. The top barrier 
metal layer may consist of Titanium-Platinum. The via can comprise tungsten. A 
sinker structure can be provided that reaches from the top to the bottom of the 
substrate. A backside metal layer can be provided arranged on the bottom surface of 
the substrate. A well structure can be provided surrounding the source region. A 
substrate via can be provided within the source area located under the source runner 
reaching from the top of the substrate to the bottom of the substrate. The substrate via 
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can be filled with Tungsten or copper. A backside metal layer can be provided 
arranged on the bottom surface of the substrate and a barrier metal layer between the 
Tungsten or copper filled substrate via and the backside metal layer. The barrier metal 
layer between the source region and the via can be extended to form a field plate in 
such a way that it covers at least partly the gate. The field plate may cover part of the 
top surface of the gate and the side of the gate facing the drain runner. The field plate 
can be coupled with the barrier metal layer at a single location. The field plate may 
extend from the barrier metal layer to cover part of the left, top and right side of the 
gate. The first coupling structure may comprise a plurality of vias. The second 
coupling structure may also comprise a plurality of vias. The field plate may comprise 
at least one cut out area. The substrate can comprise a p+ substrate and p- epitaxial 
layer. 

[0007] A method for manufacturing a semiconductor device may comprise the 

steps of: 

[0008] - providing a substrate comprising a lateral field effect transistor 

comprising a drain region and a source region arranged in the substrate, 

[0009] - depositing an first insulating layer on top of the substrate, 

[0010] - forming at least one window structure on top of the drain and source 

region, respectively, 



[0011] 


- depositing a barrier metal layer within the window structures, 


[0012] 


- depositing a second insulating layer on top of the substrate, 


[0013] 


- forming vias within the insulating layer on top of the barrier metal layer, 


[0014] 


- filling the vias with metal, 


[0015] 


- planarizing the surface, 


[0016] 


- depositing a runner structure over the vias on the surface. 
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[0017] The method may further comprise the step of depositing a second barrier 

metal layer on top of the via before depositing the runner. The barrier metal layer may 
have the cross-sectional profile of a saucer by overlapping the edges of the window. The 
barrier metal layer may consist of Titanium-Titanium nitride. The second barrier metal 
layer may consist of Titanium-Platinum. The via can be filled with tungsten. The 
method may also further comprise the step of forming a substrate via within the source 
area reaching from the top of the substrate to the bottom of the substrate before 
depositing the barrier metal layer. The substrate via can be filled with copper. The 
barrier metal layer can be extended to cover at least partly the gate formed within the 
insulating layer deposited on the barrier metal layer. The method may further comprise 
the step of implanting a sinker which reaches from the surface of the substrate located at 
the source barrier metal layer to the bottom of the substrate. The substrate may comprise 
a p+ substrate and p- epitaxial layer. 

[0018] Another semiconductor device can also comprise a semiconductor 

substrate, an insulator layer on top of the substrate, a lateral field effect transistor 
comprising a drain region and a source region arranged in the substrate and a gate 
arranged above the substrate within the insulator layer, a drain runner arranged in the 
insulator layer above the drain region, a source runner arranged in the insulator layer 
above the source region, a gate runner arranged in the insulator layer outside an area 
defined by the drain runner and the source runner, a first coupling structure comprising a 
via for coupling the drain runner with the drain region, a second coupling structure 
comprising a via for coupling the source runner with the source region, wherein the first 
and second coupling structure further comprise barrier metal layers arranged at the top 
and the bottom of the via, a sinker structure that reaches from the top to the bottom of the 
substrate, and a backside metal layer arranged on the bottom surface of the substrate. 

[0019] The barrier metal layer between the source region and the via can be 

extended to form a field plate in such a way that it covers at least partly the gate. The 
substrate may comprise a p+ substrate and p- epitaxial layer. 
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[0020] Another semiconductor device may comprise a semiconductor substrate, 

an insulator layer on top of the substrate, a lateral field effect transistor comprising a 
drain region and a source region arranged in the substrate and a gate arranged above the 
substrate within the insulator layer, a drain runner arranged in the insulator layer above 
the drain region, a source runner arranged in the insulator layer above the source region, 
a gate runner arranged in the insulator layer outside an area defined by the drain runner 
and the source runner, a first coupling structure comprising a via for coupling the drain 
runner with the drain region, a second coupling structure comprising a via for coupling 
the source runner with the source region, wherein the first and second coupling structure 
further comprise barrier metal layers arranged at the top and the bottom of the via, a 
substrate via filled with metal within the source area located under the source runner 
reaching from the top of the substrate to the bottom of the substrate, and a backside metal 
layer arranged on the bottom surface of the substrate and a barrier metal layer between 
the filled substrate via and the backside metal layer. 

[0021] The barrier metal layer between the source region and the via can be 

extended to form a field plate in such a way that it covers at least partly the gate. The 
substrate may comprise a p+ substrate and p- epitaxial layer. 

[0022] Another semiconductor device may comprise a semiconductor substrate, 

an insulator layer on top of the substrate, a backside metal layer, a lateral field effect 
transistor comprising a drain region and a source region arranged in the substrate and a 
gate arranged above the substrate within the insulator layer, a drain runner arranged in 
the insulator layer above the drain region, a source runner arranged in the insulator layer 
above the source region, a gate runner arranged in the insulator layer outside an area 
defined by the drain runner and the source runner, a first coupling structure comprising a 
via for coupling the drain runner with the drain region, a second coupling structure 
comprising a via for coupling the source runner with the backside metal layer. 

[0023] The first and second coupling structure may further comprise barrier 

metal layers arranged at the bottom of the via. The first and second coupling structure 
may further comprise barrier metal layers arranged at the top of the via. The bottom 
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barrier metal layer may consist of Titanium-Titaniumnitride. The via of the second 
coupling structure may comprise an insulating side wall layer. The via of the second 
coupling structure can be filled with tungsten. The via further may include a Tantalum- 
Tantalum nitride-copper seed layer covering the tungsten layer. The via can be filled 
with copper. A well structure surrounding the source region and/or a field plate that 
covers at least partly the gate may be provided. The field plate may cover part of the top 
surface of the gate and the side of the gate facing the drain runner. The first coupling 
structure may comprise a plurality of vias. The second coupling structure may also 
comprise a plurality of vias. The second coupling structure may further comprise a 
source via for coupling the source runner with the source region. The source via 
comprises barrier metal layers can be arranged at the top and the bottom of the source 
via. The bottom barrier metal layer may have a cross-sectional profile of a saucer around 
the via. The top and bottom barrier metal layer may consist of Titanium-Titaniumnitride. 
The source via can comprise tungsten. The second coupling structure may comprise a 
plurality of vias and source vias which are arranged in an alternative pattern. The 
substrate may also comprise a p+ substrate and p- epitaxial layer. 

[0024] Another method for manufacturing a semiconductor device may 

comprise the steps of: 

[0025] - providing a substrate comprising a lateral field effect transistor 

comprising a drain region and a source region arranged in the substrate and a gate 
structure arranged in an insulating layer deposited on top of the substrate, 

[0026] - performing a planarization process on top of the substrate, 

[0027] - forming a hard mask on top of the substrate including at least one 

window structure on top of the drain and source region, respectively, 

[0028] - etching at least one via through the window within the substrate, 

[0029] - filling the vias with metal, 

[0030] - forming a metal runner structure on top of the via, 
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[0031] 


- grinding the bottom surface of the substrate to expose the metal within 


the via. 




[0032] 


The step of filling the via with metal may comprise the steps of: 


[0033] 


- depositing an insulation layer in the via, 


[0034] 


- depositing a metal within the via. 


[0035] 


The step of depositing an insulation layer may include the steps of: 


[0036] 


- depositing undoped silicon glass in the via, 


[0037] 


- sputtering and annealing the via with Titanium-Titanium nitride. 


[0038] 


The step of depositing a metal may include the steps of: 


[0039] 


- depositing tungsten in the via, 


[0040] 


- sputtering via with a Tantalum-Tantalum nitride/ Copper layer, 


[0041] 


- filling the via with copper. 


[0042] 


The method may further comprise the step of depositing a barrier metal 



layer on top of the via before forming the metal runner. After the step of filling the via 
with metal the top surface of the substrate can be planarized by chemical mechanical 
polishing. The method may further comprise the steps of depositing a barrier metal layer 
on the exposed metal of the via. The method may also comprising the step of depositing 
a metal layer on the backside of the substrate. The substrate may comprise a p+ substrate 
and p- epitaxial layer. 

[0043] Other technical advantages of the present disclosure will be readily 

apparent to one skilled in the art from the following figures, descriptions, and claims. 
Various embodiments of the present application obtain only a subset of the advantages 
set forth. No one advantage is critical to the embodiments. 
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Brief Description of the Drawings 

[0044] A more complete understanding of the present disclosure and 

advantages thereof may be acquired by referring to the following description taken in 
conjunction with the accompanying drawings, in which like reference numbers 
indicate like features, and wherein: 

[0045] Figure 1 is a partial sectional view of a semiconductor wafer including 

a transistor structure according to the prior art; 

[0046] Figure 2 is a partial sectional view of a semiconductor wafer including 

a transistor structure according to a first embodiment of the present invention; 

[0047] Figures 3A-3D show different exemplary manufacturing steps for 

manufacture of a transistor according to the present invention, 

[0048] Figure 4 is a partial sectional view of a semiconductor wafer including 

a transistor structure according to another embodiment of the present invention, 

[0049] Figure 5 is a partial sectional view of a semiconductor wafer including 

a transistor structure according to yet another embodiment of the present invention, 

[0050] Figure 6 is a partial sectional view of a semiconductor wafer including 

a transistor structure according to yet another embodiment of the present invention, 

[0051] Figures 7A and 7B are a partial sectional view of a semiconductor 

wafer including a transistor structure according to yet another embodiment of the 
present invention. 

[0052] Figure 8 is a partial top view of an LDMOS transistor as shown in Fig. 

7A and 7B, 

[0053] Figure 9 is a partial top view of an LDMOS transistor as shown in 

Figs. 5 and 6, 
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[0054] Figure 10 is a partial sectional view of a semiconductor wafer 

including a transistor structure according to yet another embodiment of the present 
invention along a line shown in Figs. 13 and 15, 

[0055] Figure 11 is a partial sectional view of a semiconductor wafer 

including a transistor structure according to yet another embodiment of the present 
invention, along lines shown in Figs. 12 and 13, 

[0056] Figure 12 is a partial top view of another embodiment of the field plate 

as shown in Figs. 10 and 1 1 ; 

[0057] Figure 13 is a partial top view of another embodiment of the field plate 

as shown in Figs. 10 and 11; 

[0058] Figures 14A-E show different exemplary manufacturing steps for 

manufacture of a via structure as shown in Figure 10, and 

[0059] Figure 15 is a partial sectional view of a semiconductor wafer 

including a transistor structure according to yet another embodiment of the present 
invention along a line shown in Fig. 10. 

Detailed Description of the Preferred Embodiments 
[0060] Turning to the drawings, exemplary embodiments of the present 

application will now be described. Figure 2 depicts an exemplary n-p-n lateral field 
effect transistor, such as a lightly doped drain MOS transistor (LDMOS). Similar areas 
carry similar numerals with respect to a transistor according to the prior art as shown in 
figure 1. A different concept of forming and arranging the respective runners for drain, 
gate and source is used in this type of improved transistor structure. Figure 2 shows 
again a p+ type substrate with a p- epitaxial layer 12 and a backside metal layer 9 
consisting, for example, of gold. N-type Drain and source regions 2, 3 are provided 
within the p- epitaxial layer 12. The source region 3 is surrounded by a stronger doped p- 
well 5. Through ion implantation, a p + sinker area 10 is created which reaches from the 
source contact down to the backside of the substrate. A drain runner 29 and a source 
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runner 25 are deposited on the top of the oxide layer 8 above the respective drain and 
source regions 2, 3. Outside the area defined be the drain and source runner, a gate 
runner 20 is located on the left side of the source runner 25, on top of the oxide layer 8. 
The gate runner 20 can be coupled with the gate at a single area (not shown in Fig. 2) 
depending on the structure of the transistor. Thus, the source runner 25 effectively 
shields the gate runner from the drain runner 29. The drain, source, and gate runners 29, 
25, 20 can be made of appropriate metal such as gold or aluminum. The source runner 
25 is coupled with the source region 3 through a via 23. This via 23 can be filled with 
tungsten or any other suitable metal. Between the gold source runner 25 and the tungsten 
via 23 on top of the oxide layer 8, a thin Titanium-Platinum layer working as a barrier 
metal layer can be deposited and etched according to the shape of runner 25. This barrier 
layer improves the coupling between the runner and the via which consist of different 
metals and thus its material depends on the material used for the runner and via, 
respectively. A special barrier layer 22 having a cross-sectional profile of a saucer is 
located on top of the source region 3 and the sinker 10 between the tungsten via 23 and 
the source region 3/sinker 10. This layer 22 can be made out of Titanium- 
Titaniumnitride. Again, this barrier layer 22 improves the coupling between the source 
region 3/sinker 10 and the via and thus its material depends on the material used for the 
source region and via, respectively. 

[0061] A similar structure is used for the drain consisting of drain runner 29, 

Titanium-Platinum layer 28, tungsten via 27 and Titanium-Titaniumnitride layer 26. 
Layers 22 and 26 may have the cross-sectional profile of a saucer as shown in figure 2. 
Different embodiments for these coupling barrier layers 22 and 26 are shown in figure 2. 
Layer 26 closely surrounds tungsten via 27 whereas layer 22 provides for a gap between 
the side walls of the tungsten via 23. However, both types can be used for the drain and 
the source couplings. The barrier metal layers 21, 24 and 28 are deposited and etched in 
the same manufacturing step. Thus, a barrier metal layer 21 is also provided in this step 
for the runner 20. 

[0062] Figure 3A-3D show exemplary steps for a manufacturing process for 

such a transistor structure. First, as shown in Figure 3 A, a relatively thin layer of oxide is 
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applied to the substrate after drain and source regions 2 and 3 have been created. Using 
the appropriate photo etching technology, windows 31 are created in which thin layers of 
Titanium-Titaniumnitride 22 are deposited to form barrier metal layer 22 and 26 as 
shown in figure 3B. These layers 22 and 26 may have the cross-sectional profile of a 
saucer as explained above and shown in figure 2. Next, another oxide layer 8 is 
deposited and gate structure 4, for example, a two layer gate consisting of polysilicon and 
titanium silicide, can be formed within this oxide layer as known in the art (not shown in 
Fig. 3). The coupling of the barrier metal layers 22, 26 with the respective source and 
drain runners is created as follows. Again, as shown in figure 3C, photo etching 
technology is used to create a respective via 32. This via 32 is then filled with tungsten 
23, 27, respectively as shown in figure 3D. On top of the tungsten via 23, 27 a Titanium- 
Platinum layer forming the barrier metals 21, 24, and 28 can be deposited and etched. 
This additional layer provides a coupling between the tungsten via 23, 27 and the 
following gold or aluminum runners 25, 29. Finally, a passivation layer 1 1 is deposited 
to cover the metal runners and the oxide layer. These steps can be easily integrated into 
known manufacturing processes. 

[0063] Figure 4 shows another embodiment which does not require a p+ sinker 

to provide grounding for the source electrode. Again, similar structures carry similar 
numerals. In this embodiment, only a p- substrate 1 is used. Optionally, a p+ substrate 
and p- epitaxial layer structure as shown in Figs. 1 and 2 can be provided in the usual 
manner. In this embodiment, the source metal barrier 40 has again a different form than 
the drain metal barrier 26, thus, metal barrier 26 completely surrounds the via 27 whereas 
metal barrier 40 provides for a gap with respect to via 23. Instead of the p+ sinker as 
shown in the previous figures, only a direct connection between the source electrode and 
the backside metal layer 9 is provided. To this end, a substrate via 41 is created which 
essentially forms a hole through substrate 1, thus, coupling the backside wafer 9 with the 
barrier metal layer 40. The backside of the substrate 1 is covered with a first thin barrier 
layer 42 consisting for example of Titanium-Platinum and a gold metal layer 9. The 
major part of the via is filled with tungsten or copper to provide a direct and permanent 
grounding of the source electrode. The thin layer 42 is used to provide a coupling 
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between a backside layer 9 made of gold and the tungsten or copper filled substrate via 
41. In case different metals are used for filling the substrate via or for the backside layer, 
different materials for the coupling layer 42 might apply. 

[0064] Figure 5 shows yet another embodiment similar to the one shown in 

figure 4. However, this enhancement can also be applied to the embodiment shown in 
figure 2. In this further embodiment, the saucer-profiled barrier layer 40 is extended on 
the right side horizontally through an extension 50. A field plate 51 extends from this 
extension 50 which covers the gate 4. Thus, this field plate 51 covers most of the gate 4 
to decrease any gate drain capacitance. The extension 50 extends horizontally toward the 
gate 4 . This extension can be preferably on the same level as layer 40. The field plate 
51 then covers the left side, the top of the gate 4 and reaches down to the right side of the 
gate 4. The field plate may then extend further in direction of the barrier metal 26 as 
shown in Figure 5. However, the field plate may reach less far. For example, the field 
plate 51 can only extend on the right side downwards to the same level as on the left side 
to completely cover the gate 4. As shown in Fig. 4, the barrier metal 40 is coupled with 
the backside metal layer 9 through a substrate via 41 which reaches from the top surface 
of the substrate 1 through the source region 3, 5 down to the metal layer 9. Again, 
between metal layer 9 and the substrate via 41, a barrier metal layer 42 is provided. 

[0065] Figure 8 shows a top view of some of the structures of the transistor. The 

view is a cut through the runners 20, 25, AND 29. However, for a better overview some 
elements may be omitted and others are shown in addition (such as the vias and the gate, 
etc.). The gate runner 20 comprises the form of a stripe extending along the side of the 
field plate 40/51. The gate runner is coupled at one or more locations with the gate 4. 
However, this connection is not shown in Fig. 8. The source runner 25 extends within 
the area of the field plate 40 also in form of a stripe. Exemplary, different vias 23 are 
indicated. As can be seen in this embodiment, vias 23 have preferably a square footprint. 
Depending on the design and the technology, the vias 23 could, however, be combined to 
a single trench-like via. The source runner 25 does not have any other connections as it 
is coupled through either a sinker or a via as for example shown in Fig. 7A or 7B, 
respectively. The field plate 51 may comprise a plurality of cut outs 80. Fig. 8 shows 
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two cut outs 80, however, more cut outs can be provided. Furthermore, the field plate 
can also be provided in one single piece with no cut outs 80. On the right side, the drain 
runner 26 has again a stripe form and extends parallel to the source runner. Again a 
plurality of vias 27 are indicated in Fig. 8. Again, these vias have a square footprint. 
Depending on the technology and design, a rectangular footprint is also possible or the 
plurality of vias could be merged into a single elongated trench-like via. 

[0066] Figure 6 shows yet another embodiment similar to the one shown in 

figure 5. However, this enhancement can also be applied to the embodiment shown in 
figure 2. In this further embodiment, the field plate 60 only covers part of the top of gate 
4 and the side of gate 4 facing the drain runner 29. A coupling between this field plate 60 
and the metal barrier 40 can be provided at a different place (not shown in this sectional 
view). Thus, this field plate 60 covers only those parts of the gate 4 to decrease any gate 
drain capacitance. The field plate 51 thus covers most of the top of the gate 4 and 
reaches down to the right side of the gate 4. The field plate 60 may then extend further in 
direction of the barrier metal 26 as shown in Figure 6. However, the field plate may 
reach less far. For example, the field plate 60 can only extend on the right side 
downwards to the same level as barrier metal layer 26. 

[0067] Fig. 7A shows the same structure with respect to the field plate shown in 

Fig. 6 in combination with the embodiment shown in Fig. 2. Similarly, Fig. 7B shows 
the same structure with respect to the field plate shown in Fig. 5 in combination with the 
embodiment in Fig. 2. In both Figs. 7A and 7B, the field plate is again designated with 
numeral 51 and the bridge connecting the field plate 51 with the metal barrier 40 is 
designated with numeral 50. Instead of the substrate via, this embodiment as shown in 
Figs. 7 A and 7B uses a p + -sinker 10 which reaches from the surface of the substrate next 
to the source region3, 5 down to the backside metal layer 9. Figure 9 shows a top view of 
some of the structures of the transistor as shown in Figs. 5 and 6. The view is again a cut 
through the runners 20, 25, and 29. As indicated with respect to Fig. 8, for a better 
overview some elements may be omitted and others additionally shown. The gate runner 
20 comprises the form of a stripe extending in parallel along the side of the field plate 40; 
60/70. The gate runner is coupled at one or more locations with the gate 4. Again, this 
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connection is not shown in Fig. 9. The source runner 25 extends within the area of the 
field plate 40 also in form of a stripe. Exemplary, different vias 23 and underlying vias 
41 are indicated. As can be seen in this embodiment, vias 23 have preferably a square 
footprint and the underlying substrate via 41 an elongated rectangular footprint. 
Depending on the design and the technology, the underlying substrate vias 41 could be 
combined into a trench-like single via. Similarly, if possible and desirable, the vias 23 
could be combined to a single trench-like via. The source runner 25 does not have any 
other connections in this exemplary embodiment as it is coupled through the vias as 
shown in Figs. 5 and 6, respectively. The field plate here comprises also two cut outs 90. 
However, more or less cut outs can be provided. On the right side, the drain runner 29 
has again a stripe form and extends parallel to the source runner. Again, a plurality of 
vias 27 are indicated in Fig. 9. Depending on the technology and design, a rectangular 
footprint is also possible or the plurality of vias 27 could be merged into a single 
elongated trench-like via. 

[0068] Fig. 10 shows a top view of another embodiment according to the present 

invention similar to the embodiments shown in Fig. 8. However, in this embodiment 
different types of via structures are used for coupling the source runner 25 with the 
backside metal layer 9 and the source region 3, 5. The "open blocks" indicate a via 
structure 130 as shown in Fig. 13 which only couples the runner 25 with the source 
region 3, 5. These vias 130 have, preferably, a square footprint. The "filled blocks" 
indicate a via structure 250 as shown in Figs. 15 which couples the source region 3, 5 
with the backside metal layer 9. These vias 250 have, preferably, a rectangular footprint. 
Thus, as shown in Fig. 10, a series of alternative via structures 250 and 130 are used. In 
this particular embodiment three vias of the type 130 and five vias of the type 250 are 
used. However, the particular placement of the different type vias is a design choice. 
Nevertheless, an alternative pattern similar to the one shown in Fig. 10 is preferred. 
Depending on the technology and the design, adjacent vias of the same kind could be 
combined to a single trench-like via. The dashed lines in Figure 10 indicates a sectional 
view shown in Fig. 13 and in Fig. 15 including vias 130 and 250. 
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[0069] Figure 1 5 shows the sectional view as indicated by the bottom dashed line 

in Fig. 1 0. In this section, the field plate 1 1 0 only covers part of the top of gate 4 and the 
side of gate 4 facing the drain runner 29. A coupling between this field plate 60 and the 
metal barrier 40 can be provided at a different place (not shown in this sectional view, 
see Fig. 13). Thus, this field plate 60 covers only those parts of the gate 4 to decrease 
any gate drain capacitance. The field plate 1 10 thus covers most of the top of the gate 4 
and reaches down to the right side of the gate 4. The field plate 110 may then extend 
further in direction of the barrier metal 26. However, the field plate may reach less far. 
For example, the field plate 110 can only extend on the right side downwards to the same 
level as barrier metal layer 26. As can be seen in Fig. 15, no via is provided between the 
runner 25 and the barrier metal layer 140. In this particular section of the transistor, only 
via 250 provides for a connection between the source region 3, 5 and the backside layer 9 
through barrier metal layer 42. 

[0070] Fig. 1 1 shows a top view of yet another embodiment according to the 

present invention similar to the embodiments shown in Fig. 10. Again, different types of 
via structures are used for coupling the source runner with the backside metal layer 9 and 
the source region 3, 5. The "open blocks" indicate a via structure 130 as shown in Fig. 
13 which only couples the runner 25 with the source region 3, 5. These vias 130 have, 
preferably, a square footprint. The "filled blocks" indicate a via structure 100 as shown 
in Figs. 12 and 14 which couples the runner 25 with the backside metal layer 9. These 
vias 100 have, preferably, a rectangular footprint. Again, depending on the technology 
and the design, adjacent vias of the same kind could be combined to a single trench-like 
via. The structure of the field plate is such that the field plate proper 110 is only 
connected to barrier metal 140 at the location where the via 130 is used to couple the 
runner 25 with the source region 3. Again bridge sections 120 are used to connect the 
barrier metal 140 with the field plate proper 110. 

[0071] Fig. 11 shows cut outs at the bridge sections of the upper and lower 

connections. However, other design choice are possible, for example, strips more or less 
wide as the barrier metal around the via 130 can connect the field plate 110 with the 
barrier metal 140. Figs. 8 to 1 1 show a stripe form for all runners and a rectangle form 

HOU03:958399.1 \ ft 



068736.0230 
2003P52733US 



PATENT 



for the field plate structure 40, 50, 51/60/70;140, 120, 110 and the cut outs 80, 90. 
However, the form of these elements is not critical and other suitable forms depending on 
the design and the technology may be used. For example, the cut outs 80 may be 
extended to the top and/or bottom in Fig. 8 so that only a single bridge 50 connects the 
field plate elements 40 and 51. Alternatively, more than three couplings between 
elements 40 and 51 of the field plate may be provided. Similarly, only a single 
connection between the elements 40 and 60/70 as shown in Fig. 9 can be provided. The 
particular design of the field plate depends on the several parameters such as resistance, 
capacity and other influencing factors. 

[0072] In Fig. 12 similar elements carry again similar numerals. As explained 

above, the difference to the embodiment shown in Fig. 6 is that a single via structure 100 
couples the source runner 24, 25 with the backside metal layer 9. Again a metal barrier 
layer 105 is deposited between the via structure 100 and the backside metal layer 9. 

[0073] In Fig. 13 a similar structure to the structure shown in Fig. 2 is formed. 

The difference to the embodiment of Fig. 2 is that no sinker structure is present because 
the via structure shown in Fig. 12 is used at other locations as indicated in Figs. 10 and 
11. 

[0074] Fig. 14A-E shows different steps in the manufacturing process to create 

a single via for coupling a runner with the backside metal layer. Fig. 14A shows the 
relevant portion of a wafer after the dielectric planarization process. At this time a 
hard mask 150, for example, silicon nitride is used to form mask including at least one 
window 160 through which a via can be etched. Fig. 14B shows the via 170 after the 
etching which extends deep into the substrate 1. Optionally, dielectric isolation layers 
180 of undoped silicon glass and silicon nitride can be subsequently deposited, in 
particular within the via to cover the via side walls, as shown in FIG. 14B. However, 
if contact to a specific area, for example, the source region 3, 5 is necessary, no 
insulation layers will be deposited in the via. Thus, depending on where the via is 
placed and depending on its function an insulation layer can be used to isolate the via 
from the surrounding area or no insulation layer is used to couple the surrounding area 
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with the via. Fig. 14C shows another layer 185 on top of layer 180 or directly after 
etching of the via which can be obtained through Titanium/Titanium nitride sputter 
and anneal processes. Fig. 14D and 14E show the layers previously deposited as a 
single layer 190 for a better overview or the single Titanium/Titanium nitride layer 
(now designated with numeral 190). In a next step, Tungsten 200 is deposited into the 
substrate via followed by a Tantalum/Tantalum nitride/Copper seed layer. A copper 
deposition 210 then follows to fill the substrate via. The surface is then planarized by 
a chemical mechanical polishing process. A barrier layer 26 is deposited patterned 
and followed by a top layer metal deposition 25, for example, using gold or aluminum 
to stack the metal to the substrate via 220 as shown in Fig. 14E. Finally, a passivation 
layer 11 is deposited to cover the structure. Fig. 14E also shows the structure after 
backside grinding, backside damage etch, backside copper CMP, deposition of the 
barrier metal layer 105, for example of titanium platinum, and deposition of backside 
metal layer 9 (gold or gold tin) to complete the front to back via structure. 
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